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(54) METHOD OF EXPOSURE AND ALIGNER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method of 
exposure and an aligner in which arbitrary high- 
resolution patterns are produced by a double 
exposure which is obtained with a fine line pattern 
exposure and a rough pattern exposure. 
SOLUTION: The process comprises an exposure 
step, in which periodic patterns are exposed on a 
photoreceptive substrate and a rough exposure step 
in which rough patterns of a resolution lower than that 
of the relevant pattern are exposed on the 
photoreceptive substrate, and latent images 
generated by this process at the same positions of 
the photoreceptive substrate are overlapped. The fine 
line exposure step and the rough exposure step need 
not be in the same sequence as in the figure, i.e., the rough exposure step may be done 
first, and in the case of multiple exposures, the steps may be done alternately. 
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[Claims ] 

[Claim 1] An exposure method comprising an exposure step of 
exposing a photosensitive substrate with a periodic pattern, 
and an exposure step of exposing the photosensitive 
substrate with a rough pattern having a resolution lower 
than that of the periodic pattern, wherein latent images 
generated by the exposure steps in the same portion of the 
photosensitive substrate are overlapped. 

[Claim 2] The exposure method according to claim 1 wherein 
light beams different in wavelength from each other and/or 
particle beams different in wavelength from each other are 
used in the two exposure steps, and the photosensitive 
substrate has exposure sensitivities to the light beams 
having different wavelengths and/or the particle beams 
having different wavelengths. 

[Claim 3] The exposure method according to claim 1 or 2 
wherein projection exposure using ultraviolet light with a 
wavelength of 300 nm or less and/or two-beam interference 
exposure are used in the exposure steps. 

[Claim 4] The exposure method according to claim 1 or 2 
wherein electron-beam exposure is used in the exposure 
steps . 

[Claim 5] The exposure method according to claim 1 or 2 
wherein projection exposure using soft X-ray light with a 
wavelength of 30 nm or less and/or two-beam interference 
exposure are used in the exposure steps. 

[Claim 6] The exposure method according to claim 1 or 2 
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wherein projection exposure using soft X-ray light with a 
wavelength of 30 nm or less is used in the rough exposure 
step . 

[Claim 7] The exposure method according to claim 1 or 2 
wherein projection exposure using ultraviolet light with a 
wavelength of 300 nm or less is used in the rough exposure 
step . 

[Claim 8] The exposure method according to claim 1 or 2 
wherein the rough exposure is electron projection exposure. 
[Claim 9] The exposure method according to claim 1 or 2 
wherein the rough exposure is multi-valued exposure. 
[Claim 10] The exposure method according to claim 1 or 2 
wherein the rough exposure comprises multiple exposures. 
[Claim 11] The exposure method according to claim 9 wherein 
a mask having pattern regions with a plurality of 
transmission factors is used in the rough exposure step. 
[Claim 12] The exposure method according to claim 9 wherein 
a mask having pattern regions equal to or less than the 
linewidth resolvable under the exposure conditions of the 
rough exposure step is used in the rough exposure step, 
whereby the intensity of exposed image areas in the pattern 
that remain unresolved takes on multiple values. 
[Claim 13] The exposure method according to claim 1 or 2 
wherein the exposure steps are multi-valued exposures. 
[Claim 14] The exposure method according to claim 1 or 2 
wherein the exposure steps comprise multiple exposures. 
[Claim 15] An exposure apparatus using the exposure method 
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according to any one of claims 1 through 14 wherein a 
pattern on a mask is transferred to the photosensitive 
substrate . 

[Claim 16] A device manufacturing method using the exposure 
method according to any one of claims 1 through 14 wherein 
after a wafer is exposed with a pattern on a mask, the 
wafer is subjected to a development process to fabricate 
devices . 

[Claim 17] A device manufacturing method using the exposure 
apparatus according to claim 15 wherein after a wafer is 
exposed with a pattern on a mask, the wafer is subjected to 
a development process to fabricate devices. 
[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] The present invention relates to 
an exposure method and apparatus, and particularly to an 
exposure method and apparatus, in which a photosensitive 
substrate is exposed with a fine circuit pattern, and hence 
which is suitable for use in manufacturing various kinds of 
devices including, for example, semiconductor chips such as 
ICs and LSIs, display devices such as liquid crystal panels, 
detection devices such as magnetic heads, and image pickup 
devices such as CCDs. 

[0002] 

[Prior Art] Conventionally, in manufacturing an IC, an LSI, 
or a liquid crystal display using photolithography, a 
projection exposure apparatus is used to project a 
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photomask or reticle pattern through a projection optical 
system onto a substrate such as a wafer or glass plate on 
which a photoresist is coated. 

[0003] The integration level of semiconductor devices, such 
as ICs, LSIs, and Liquid crystal devices, has been 
increasing more and more. Along with this trend comes the 
demand for finer processing of semiconductor wafers, that 
is, finer patterning and hence higher resolution. 
[0004] In order to meet such a demand, the existing 
projection exposure techniques as a leading part of fine 
processing technology today have now been developed to form 
a wide range of images of 0.1 jam or less, and it is further 
desired to provide a method and apparatus for forming 
circuit patterns of 80 nm or less. 

[0005] FIG. 24 is a schematic view showing the principle of 
a conventional exposure apparatus. In the figure, reference 
numeral 251 designates an excimer-laser light source, 252 
is an illumination optical system, 253 is illumination 
light, 254 is a mask, 255 is object-side exposure light, 
256 is a projection optical system, 257 is image-side 
exposure light, 258 is a photosensitive substrate, 259 is a 
substrate stage for holding the photosensitive substrate. 
[0006] In this exposure apparatus, the excimer laser light 
emitted from the excimer-laser light source 251 is guided 
to the illumination optical system 252, and adjusted to 
become the illumination light 253 having predetermined 
light intensity distribution, orientation distribution, etc. 
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before entering the mask 254. 

[0007] A pattern made of chrome or the like and to be 
formed on the photosensitive substrate is converted at a 
predetermined magnification and patterned on the mask 254, 
so that the illumination light 253 is transmitted through 
or diffracted by the pattern to provide the object-side 
exposure light 255. The projection optical system 256 is to 
convert the incoming exposure light 255 to the image-side 
exposure light 257 that can form an image on the 
photosensitive substrate with a predetermined magnification 
and sufficiently small aberration. 

[0008] As enlarged in the lower part of FIG. 24, the image- 
side exposure light 197 converges on the photosensitive 
substrate 258 with a predetermined NA (Numerical 
Aperture=sin 0) to form an image. The substrate stage 259 
has a function to control the relative position of the 
photosensitive substrate and the projection optical system, 
and moves step by step when a plurality of patterns are 
formed on the photosensitive substrate. 

[0009] 

[Problem to be Solved by the Invention] (Characteristics 
and problems of projection lithography) However, today's 
mainstream projection exposure apparatuses using excimer 
laser have a problem that it is difficult to form a pattern 
of 0.1 pm or less. 

[0010] The following gives some examples to explain this 
problem. First of all, the projection optical system has a 
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limitation depending on the wavelength used due to a 
tradeoff between the optical resolution and the depth of 
focus. It is known that the resolution and the depth of 
focus of a pattern that can be formed by the projection 
exposure apparatuses are given by the following Reyleigh f s 
equations (1) and (2): 
[0011] R=Ki • A/NA 
DOF=K 2 - A/NA 2 

where A is the wavelength, NA is the numerical aperture 
indicative of the brightness of the above-mentioned optical 
system, and Ki and K 2 are constants determined by the 
development process characteristics or the like of the 
photosensitive substrate, typically about 0.5 to 0.7. 

[0012] It is apparent from these equations (1) and (2) that, 
in order to set a smaller value for the resolution R, that 
is, to improve the resolution R, the wavelength A must be 
shortened or the NA must be increased. However, at the same 
time, the depth of focus DOF required for the performance 
of the projection optical system needs to be maintained at 
a certain value or above. Therefore, since it is impossible 
to increase the NA beyond a certain level, shortening the 
wavelength is only the solution so far. 

[0013] Shortening the wavelength, however, causes 
significant problems irrespective of the above equations. 

[0014] The most significant problem is that there is no 
glass material usable for the projection optical system. 

[0015] Only practically available for projection exposure 
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systems are optical systems including refractive optics or 
lenses in terms of the aberration amount, processing 
precision, controllability, etc. The transmission factors 
of typical glass materials used for lenses become almost 
zero in a short wavelength band, that is, in a deep UV 
range. There is quartz as an existing glass material 
manufactured using a specific manufacturing method for 
exposure apparatuses. However, since the transmission 
factor of quartz is reduced sharply around 193 nm or less, 
it is practically very difficult to develop a glass 
material in a range of about 150 nm or less corresponding 
to patterns of 0.1 jam or less. Further, there is less 
expectation for a grass material that meets many 
requirements, such as durability, refractive uniformity, 
optical distortion, processing performance, etc. other than 
the transmission factor. 

[0016] Thus, the conventional projection exposure 
techniques depend on the above equations (1) and (2), and 
needs to shorten the wavelength for patterning, causing a 
problem that there is no glass material available, and 
hence that cannot realize exposure to form patterns of 0.1 
pm or less. 

[0017] For example, as a next-generation excimer-laser 
light source, F2 laser at a wavelength of 157 nm is 
starting to be used. As mentioned above, since it is very 
difficult at this wavelength to use many refractive 
elements or lenses, a catadioptric system including 
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reflecting elements or mirrors, or a total reflection 
system consisting of only mirrors is advantageous as the 
projection optical system. However, the projection optical 
system including reflecting elements has trouble increasing 
the NA because of overlapped light paths due to reflection. 
[0018] To sum up, it is difficult for the exposure 
apparatus using excimer laser to form a practical circuit 
pattern of 0.1 ym or less. 

[0019] On the other hand, as an exposure apparatus capable 
of forming a pattern of 0.1 \im, a batch exposure apparatus 
using 1 nm X-ray proximity lithography has been proposed. 
However, at 80 nm or less, this type of exposure apparatus 
has trouble controlling a gap between the mask and the 
wafer and creating a 1:1 mask. 

[0020] Further, an electron-beam exposure apparatus using 
electron beam radiation has been proposed. This type of 
exposure apparatus has practically achieved resolutions 
exceeding 80 nm, but it is low in throughput, which is 
important for the performance of the exposure apparatus. 
[0021] As discussed above, various types of exposure 
apparatuses aiming for 100 nm or less have advantages and 
disadvantages, respectively. In other words, they can 
achieve a high resolution of 100 nm or less, but is 
insufficient to form a variety of actual circuit patterns 
with a resolution of 80 nm to create actual devices. 
[0022] It is an object of the present invention to provide 
an exposure method using a combination of fine line 
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exposure and rough exposure to enable the formation of a 
pattern with a linewidth of 80 nm or less, and an exposure 
apparatus using the exposure method to enable exposure of 
an actual circuit pattern with a linewidth of 80 nm or less. 
[0023] 

[Means for Solving the Problem] An exposure method of the 
present invention comprises (1-1) an exposure step of 
exposing a photosensitive substrate with a periodic pattern, 
and an exposure step of exposing the photosensitive 
substrate with a rough pattern having a resolution lower 
than that of the periodic pattern, wherein latent images 
generated by the exposure steps in the same portion of the 
photosensitive substrate are overlapped. 

[0024] (1-1-1) Particularly, light beams different in 
wavelength from each other and/or particle beams different 
in wavelength from each other are used in the two exposure 
steps, and the photosensitive substrate has exposure 
sensitivities to the light beams having different 
wavelengths and/or the particle beams having different 
wavelengths . 

[0025] (1-1-2) Projection exposure using ultraviolet light 
with a wavelength of 300 nm or less and/or two-beam 
interference exposure are used in the exposure steps. 
[0026] (1-1-3) Electron-beam exposure is used in the 
exposure steps. 

[0027] (1-1-4) Projection exposure using soft X-ray light 
with a wavelength of 30 nm or less and/or two-beam 
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interference exposure are used in the exposure steps. 
[0028] (1-1-5) Projection exposure using soft X-ray light 
with a wavelength of 30 nm or less is used in the rough 
exposure step. 

[0029] (1-1-6) Projection exposure using ultraviolet light 
with a wavelength of 300 nm or less is used in the rough 
exposure step. 

[0030] (1-1-7) The rough exposure is multi-valued exposure. 
[0031] (1-1-8) The rough exposure is electron projection 
exposure . 

[0032] (1-1-9) The rough exposure comprises multiple 
exposures . 

[0033] (1-1-10) A mask having pattern regions with a 
plurality of transmission factors is used in the rough 
exposure step. 

[0034] (1-1-11) A mask pattern regions equal to or less 
than the linewidth resolvable under the exposure conditions 
of the rough exposure step is used in the rough exposure 
step, whereby the intensity of exposed image areas in the 
pattern that remain unresolved takes on multiple values. 
[0035] (1-1-12) The exposure steps are multi-valued 
exposures . 

[0036] (1-1-13) The exposure steps comprise multiple 
exposures . 

[0037] An exposure apparatus of the present invention 
features that (2-1) it uses the exposure method (1-1) to 
transfer a pattern on a mask to a photosensitive substrate. 
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[0038] A device manufacturing method of the present 
invention features that (3-1) it uses the exposure method 

(1-1), in which after a wafer is exposed with a pattern on 
a mask, the wafer is subjected to a development process to 
fabricate devices . 

[0039] (3-2) After a wafer is exposed with a pattern on a 
mask using the exposure apparatus (2-1), the wafer is 
subjected to a development process to fabricate devices. 

[0040] Note that the term "multiple exposures" used in the 
description of the invention means that "the same region on 
the photosensitive substrate is exposed with different 
light patterns without the development process between the 
exposures . " 

[0041] 

[Embodiments of the Invention] (Principles of the 
invention) First of all, the principle of multiple 
exposures in an exposure method of the present invention 
will be described using FIGS. 1 through 9. 

[0042] FIG. 1 illustrates a basic flowchart of an exposure 
method of the present invention. This figure shows a fine- 
line exposure step (fine-line exposure), a rough exposure 
step (rough exposure) , and a development step, which 
constitute the exposure method, and the flow of the 
exposure method. 

[0043] The fine-line exposure step and the rough exposure 
step do not need to be performed in this order. The rough 
exposure step can be performed first, or if plural 
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exposures are made, these steps can be performed 
alternately . 

[0044] Further, an alignment step or the like can be 
inserted between the exposure steps to improve image 
forming accuracy. The present invention is not limited at 
all to the step configuration in this figure. 

[0045] FIG . 10 is a diagram showing an example of the 
structure of an exposure apparatus according to the present 
invention. The following describes the principle of how the 
effect of the present invention is realized in these steps. 
When the flow of FIG. 1 is used, a photosensitive substrate 
is first exposed with a fine-line pattern by means of fine- 
line exposure. 

[0046] FIG. 2 contains schematic views showing this 
periodic pattern of fine lines. The numbers in the figure 
show exposure amounts, that is, shaded areas have exposure 
value 1, while blank areas have exposure value 0. If only 
such a fine-line pattern is developed, the exposure 
threshold of the photosensitive substrate is generally set 
between 0 and 1 . 

[0047] FIG. 3 shows the dependences of the developed film 
thicknesses of positive and negative resists on the amount 
of exposure, in which an exposure threshold Eth is 
indicated as well. The developed film thickness becomes 0 
when the amount of exposure is equal to or more than the 
threshold Eth in case of the positive resist, or when the 
amount of exposure is equal to or less than the threshold 
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Eth in case of the negative resist. 

[0048] FIG. 4 is a schematic view showing how a lithography 
pattern is formed via development and etching processes 
when such an exposure is made. According to the present 
invention, unlike the setting of ordinary exposure 
sensitivity, if the maximum exposure for fine-line 
patterning is 1, the exposure threshold of the resist is 
set larger than 1 . 

[0049] If an exposure pattern formed on such a 
photosensitive substrate by fine-line exposure alone as 
shown in FIG. 2 is developed, though the pattern is 
underexposed and there are some variations in film 
thickness, there is no region having a thickness of 0 and 
hence no pattern is formed. 

[0050] This can be considered disappearance of the fine- 
line exposure pattern (note that although the negative type 
is used as an example, it is apparent that the nature of 
the present invention is common to both types, not 
depending on whether it is of the negative or positive type, 
so that either the negative or positive type can be 
selected according to other requirements) . 

[0051] The principle of multiple exposures of the present 
invention is such that the high-resolution pattern, which 
seemingly disappears after subjected to only the fine-line 
exposure as mentioned above, is combined with a pattern by 
rough exposure to selectively restore and reproduce the 
high-resolution pattern according to the combined effect, 
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enabling the formation of a lithography pattern. 
[0052] The following describes an example of a pattern 
forming method with rough exposure added thereto according 
to an embodiment of the present invention. 

[0053] The embodiment uses an exposure apparatus using F2 
laser light as exposure light as shown in FIG. 11 to 
perform fine-line pattern exposure (fine-line exposure 
step) shown in FIG. 2. 

[0054] In the figure, reference numeral 211 designates a 
mask, 212 is a secondary mirror, 213 is a primary mirror, 
214 is a wafer, 215 is a wafer stage, and 216 is an 
aperture stop part showing how to transmit the light. 
Further, only the imaging light beam on the optical axis is 
shown for simplicity. 

[0055] In the figure, a light beam from the mask 211 
illuminated by the exposure light is reflected by the 
secondary mirror 212 and the primary mirror 213 in this 
order, and condensed onto the wafer 214 to form a two-beam 
interference pattern . 

[0056] The projection optical system of this exposure 
apparatus is a Schwarzschild optical system in which the 
center portion of NA (aperture stop) is light-shielded by 
the secondary mirror. In the embodiment, the light-shielded 
center portion of a so-called pupil of this optical system 
is used as a filter for cutting zero-order diffracted light 
emitted from the mask 211. Then, using a mask having a 
periodic pattern with a pitch that is double the pitch of 
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the target fine-line pattern, the image surface is exposed 
with a fine-line pattern using two-beam interference of 
plus first-order light and minus first-order light. 
[0057] As the resist, a chemical amplification resist 
having sensitivities to both a laser light wavelength of 
157 nm and SR X-ray radiation. Note that any resist other 
than the chemical amplification resist can be used as long 
as it has sensitivities to both. 

[0058] FIG. 12 is a schematic view showing a state in which 
fine-line exposure is performed for a fine-line pattern 
using the exposure apparatus. A periodic pattern with a 
pitch (equivalent magnification factor) double the pitch of 
the target fine-line pattern is formed on the mask 211. The 
center portion of the aperture stop (pupil) as shown in the 
aperture stop part 216 in the figure is light-shielded, so 
that among light beams diffracted by the periodic pattern 
on the mask, zero-order light is shielded by the periodic 
pattern on the mask, allowing the exposure apparatus to 
realize two-beam interference of plus first-order light and 
minus first-order light. Therefore, a pattern with a pitch 
double the pitch of ordinary three-beam interference 
exposure is formed, and this is the reason for doubling the 
pitch . 

[0059] In this case, the wavelength is 157 nm, NA of the 
outermost light is 0.6, and the resolution limit of two- 
beam interference exposure is 65 nm L&S. 

[0060] In the embodiment, the projection optical system is 
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a total reflection system, but it can be, of course, a 
catadioptric system including refractive elements or a 
total refraction system to obtain the same effect. 
[0061] The following describes the rough exposure step 
according to the embodiment. FIG. 7(A) shows an exposure 
pattern obtained by rough exposure. 

[0062] In the embodiment, the periodic pattern formed by 
the F2 exposure apparatus is 65 nm L&S, whereas the 
resolution of the exposure pattern formed by rough exposure 
is one-half that of the fine-line exposure pattern, that is, 
130 nm. FIG. 7(A) shows that a pattern formed by rough 
exposure is double the linewidth of that formed by fine- 
line exposure. 

[0063] In the embodiment, an X-ray one-to-one proximity 
exposure apparatus as shown in FIG. 13 is used for this 
rough exposure. 

[0064] In FIG. 13, reference numeral 221 designates an SR 
(synchrotron radiation) light source, 222 is SR light, 223 
is a beam-forming mirror, 224 is a shutter, 225 is a 
shutter control unit, 226 is a mask, 227 is a wafer, 228 is 
a wafer stage, and 229 is a beryllium window. 
[0065] The SR light 222 emitted from the SR (synchrotron 
radiation) generator 221 as the SR X-ray light source is 
incident at a grazing incidence angle of about 15 mrad on a 
cylindrical mirror (convex mirror) 223 made of SiC, having 
a curvature radius of about 60 m, and placed about 3 m away 
from a luminous point. 
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[0066] The SR light 222 reflected by the mirror 223 is 
transmitted through the transmission mask 226 as an 
original plate with a desired pattern made of an X-ray 
absorber material and formed on an X-ray permeable film, 
and radiated as a desired light pattern on the substrate 

(wafer) 227 coated with a resist as a photosensitive 
material . 

[0067] The shutter 224 is placed upstream of the mask 226 
to control exposure time throughout the entire surface of 
an exposure range. The shutter 224 is driven by the shutter 
driving unit 225 controlled by a shutter control unit, not 
shown . 

[0068] The thin film 229 made of Be and has a thickness of 
10 jjm is the boundary of a chamber, not shown. The upstream 
side (light source side) of the thin film is under 
ultrahigh vacuum, while the downstream side (wafer side) is 
in a reduced-pressure He atmosphere. 

[0069] In the embodiment, although the above-mentioned X- 
ray exposure apparatus is used, any other exposure 
apparatuses capable of performing rough exposure at a 
wavelength resolution of 130 nm can be used as appropriate, 
such as that using an ArF excimer laser or a super- 
resolution technique like a phase shift mask, an EB 

(electron-beam) exposure apparatus, an EUV exposure 
apparatus (a soft X-ray reduction projection exposure 
apparatus using multilayer-coated mirrors), etc. 

[0070] When the exposure of this pattern is made to overlap 
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the fine-line pattern after the fine-line exposure shown in 
FIG. 5 without the development process, the distribution of 
the total amount of exposure is as shown in the lower part 
of FIG. 7(B). The exposure ratio between the fine-line 
exposure and the rough exposure is set to 1:1. Since the 
exposure threshold Eth is set between 1 and 2 in the same 
manner as in the case of pattern disappearance in FIG. 6, a 
pattern as shown in the upper part of FIG. 7(B) is formed. 
The resolution of this pattern is the same as that of fine- 
line exposure, but it is not a periodic pattern. In other 
words, a high-resolution pattern with a resolution equal to 
or higher than those capable of being formed by rough 
exposure can be selectively obtained. 

[0071] Further, as shown in FIG. 8(A), when rough exposure 
is performed with a double linewidth and an exposure value 
equal to or larger than the exposure threshold (double the 
exposure amount in this case), the pattern of fine-line 
exposure disappears as shown in FIG. 8(B) and only the 
pattern of rough exposure is formed. 

[0072] The same holds true for the case where rough 
exposure is performed with a threefold linewidth as shown 
in FIG. 9. If, the linewidth is increased more than 
threefold, a combination of the double linewidth and the 
threefold linewidth can be considered. Evidently, it is 
possible to form all of patterns that can be realized by 
rough exposure. 

[0073] As discussed above, since the fine-line exposure and 
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the rough exposure are performed in combination while 
adjusting the threshold of the photosensitive substrate and 
the amount of exposure for each exposure, various high- 
resolution patterns as shown in FIGS. 6, 7(B), 8(B), and 
9(B) can be formed without greatly reducing throughput. 
[0074] What is described above is the principle of the 
exposure method. To sum up, (A-l) Pattern regions not 
subjected to rough exposure, that is, fine-line exposure 
pattern regions with exposure values equal to or smaller 
than the exposure threshold disappear in the process of 
development . 

[0075] (A-2) In pattern regions formed by rough exposure 
with exposure values equal to or smaller than the exposure 
threshold, an exposure pattern having a resolution of fine- 
line exposure determined by a combination of a rough 
exposure pattern and a fine-line exposure pattern is formed. 
[0076] (A-3) In pattern regions formed by rough exposure 
with exposure values equal to or larger than the exposure 
threshold, any pattern is formed in the same manner as that 
formed by rough exposure alone. 

[0077] Note that the fine-line exposure is ahead of the 
rough exposure, but the present invention is not limited to 
this order. 

[0078] The following describes a pattern forming method 
according to a second embodiment of the present invention. 
In this embodiment, a target circuit pattern obtained by 
exposure is a so-called gate pattern as shown in FIG. 14. 
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[0079] In this pattern, the lateral linewidth, that is, in 
the direction of A-A' is 40 nm, whereas the vertical 
linewidth is 80 nm or more. 

[0080] According to the present invention, in case of such 
a pattern requiring a high resolution only in a one- 
dimensional direction, exposure in the fine-line exposure 
step can be performed only in the one-dimensional direction 
in which the high resolution is needed. The embodiment 
shows an example of a combination of one-dimensional fine- 
line exposure and rough exposure. 

[0081] The embodiment uses an electron-beam exposure 
apparatus as shown in FIG. 19 to perform fine-line exposure. 
This exposure apparatus employs an electron-beam exposure 
method, so-called a "multibeam exposure method." 

[0082] In FIG. 19, reference numerals 231a, 231b, 231c 
designate electron guns that can be individually turned on 
and off. Reference numeral 232 designates a reduction 
electron optical system for reduction-projecting multiple 
electron beams from the electron guns 231a, 231b, 231c to a 
wafer 233. Reference numeral 234 designates a deflector for 
scanning the multiple electron beams reduction-projected 
onto the wafer 233. 

[0083] Reference numeral 235 designates a dynamic focus 
coil for correcting the focus position of an electron beam 
that passed through the reduction electron optical system 
according to the deflection aberration of the electron beam 
generated upon operating the deflector 234. Reference 
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numeral 236 designates a dynamic focus coil for correcting 
the astigmatism of the electron beam according to the 
deflection aberration. Further, reference numeral 237 
designates a wafer stage. In the above structure, the 
multiple electron beams are scanned on the wafer 233 to 
expose the wafer 233 by placing the exposure field of each 
electron beam in close proximity to the wafer. 

[0084] Since the wafer 233 is coated with a chemical 
amplification resist as a photosensitive material, each 
electron beam incident as an image generates secondary 
electrons to generate acid so that solubility will locally 
vary, enabling the formation of a pattern. 

[0085] At the time of rough exposure using X-ray to be 
described later, since each X-ray beam incident as an image 
on the resist also generates secondary electrons in the 
same manner to form a pattern, this resist has 
sensitivities to both the electron beam and X-ray so that 
latent images generated by fine-line exposure and rough 
exposure can be overlapped. 

[0086] Since the electron-beam exposure apparatus shown in 
FIG. 19 scans any pattern to expose the wafer with the 
pattern in the manner as mentioned above just like a 
picture drawn with a single stroke of the brush, it takes 
time to control multibeam exposure. However, according to 
the present invention, when electron-beam exposure is used, 
straight lines are scanned at even intervals in the fine- 
line exposure step of the present invention, so that the 
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scanning distance is shortened to make it easy to control 
the exposure, and hence not to greatly reduce throughput. 

[0087] Although the embodiment uses the above-mentioned 
multibeam type of electron-beam exposure apparatus, any 
other exposure apparatus can be used as appropriate such as 
the type of correcting deflection aberration as disclosed 
in Japanese Patent Laid-Open No. 9-330870. Further, any 
electron-beam lithography other than the multibeam type can 
be used such as that using a stencil mask. 

[0088] Further, as the exposure apparatus for fine-line 
patterning in the embodiment, any exposure apparatus other 
than the electron-beam exposure apparatus can be used, such 
as a projection exposure apparatus using F2 excimer laser, 
an X-ray exposure apparatus, an EUV exposure apparatus, or 
the like. 

[0089] FIG. 15 contains schematic views showing patterns 
formed with the above-mentioned exposure apparatuses. FIG. 
15(A) shows a periodic exposure pattern formed by fine-line 
exposure in a one-dimensional direction. The period of 
exposure is 80 nm, which corresponds to 40 nm L&S. The 
numbers in the lower part of FIG. 15(A) represent exposure 
amounts . 

[0090] In the embodiment, exposure of a pattern shown in 
FIG. 11(B) is performed in the rough exposure step 
following the fine-line exposure step. In the embodiment, 
the X-ray exposure apparatus shown in FIG. 13 (and 
described in the first embodiment) is used in the rough 
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exposure step. As mentioned above, any exposure apparatus 
other than the X-ray exposure apparatus can be used, such 
as an electron-beam exposure apparatus, an EUV exposure 
apparatus (a soft X-ray reduction projection exposure 
apparatus using multilayer-coated mirrors), or the like. 

[0091] In the lower part of FIG . 11(B), the position of the 
rough exposure relative to the fine-line exposure and the 
exposure amount (exposure value) in each region in this 
step are shown. In the lower part of the figure, the 
exposure amount is mapped with a resolution pitch of 40 nm. 
It is apparent that the linewidth of the pattern formed by 
this rough exposure is 80 nm, which is double the linewidth 
of the pattern formed by the fine-line exposure. 

[0092] As a method of performing such rough exposure that 
the exposure amount varies from region to region, there is 
a method using a mask having multi-step transmission 
factors in which the mask is configured such that mask 
portions corresponding to number 1 have a transmission 
factor of T% and mask portions corresponding to number 2 
have a transmission factor of 2T%. This method makes it 
possible to complete the rough exposure step by one 
exposure . 

[0093] In this case, the exposure ratio among the steps is 
represented in the following relation: "fine-Line 
exposure" : "transmission factor T" : "transmission factor 
2T"=1:1:2. 

[0094] Further, instead of the above-mentioned halftone 
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mask having only the pattern to be resolved, a fine pattern 
not to be resolved can be used to configure the mask to 
produce resulting image intensities with (continuous) 
middle tones in between. Among these examples, it is 
preferable to form, on the mask, the target gate pattern 
that remains intact. 

[0095] The target gate pattern contains fine lines not to 
be resolved by rough exposure, so that when exposure is 
performed on these unresolved pattern portions, the 
resulting image becomes a so-called blurred image, 
obtaining a halftone image in which the light intensity 
smoothly varies. This has the same main effect as the image 
using the halftone mask. In addition, it is more preferable 
than the uniform halftone image in that the peak position 
of the intensity of each target fine line coincides with 
that of the desired one. 

[0096] Further, as another method not using the halftone 
mask, it is possible to perform exposure twice with 
exposure amounts as shown in FIG. 11(D). In this case, the 
exposure amount can be one step and hence the transmission 
factor of the mask can be one step. The exposure ratio in 
this case is represented in the following relation: "fine- 
line exposure" : "first rough exposure" : "second rough 
exposure"=l : 1 : 1 . 

[0097] The following describes how to form a pattern using 
a two-beam exposure step and the rough exposure step in 
combination. According to the present invention, there is 
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no development step between the fine-line exposure step and 
the rough exposure step. Therefore, the exposure amounts in 
the exposure pattern positions in respective steps are 
added or accumulated to form a newly combined exposure 
pattern with the accumulated exposure amounts. 

[0098] FIG. 11(C) shows the accumulation results of the 
two-step exposure amounts in the embodiment. In the lower 
part of the figure, a resulting pattern after the exposure 
pattern is developed is indicated in gray. The embodiment 
uses a photosensitive substrate having an exposure 
threshold with no less than 1 and no more than 2. The 
pattern indicated in gray coincides with the desired 
pattern shown in FIG. 14. Thus, the exposure method of the 
present invention can form such a pattern. 

[0099] The following describes a pattern forming method 
according to a third embodiment of the present invention. 
In the embodiment, the fine-line exposure is performed by 
electron-beam exposure, while the rough exposure is 
performed by electron projection exposure. Among them, the 
fine-line exposure will first be described. 

[0100] Since the fine-line exposure is multibeam exposure 
described in the second embodiment using FIG. 19, the 
description of the exposure apparatus will be omitted. Any 
other electron-beam exposure apparatus, an X-ray one-to-one 
exposure apparatus, an X-ray reduction exposure apparatus, 
etc. can be used for fine-line exposure in the same manner. 
[0101] In the embodiment, a fine-line exposure pattern is 
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exposed two-dimensionally . In the embodiment, the linewidth 
of fine lines is set to 40 nm. 

[0102] FIG. 16 is a schematic view showing an exposure 
pattern as a map of exposure amounts derived from the two- 
dimensional fine-line exposure. In the embodiment, 
different values (double) are set for fine-line exposure 
amounts in two directions of fine-line exposure, 
respectively, in order to increase the variations of final 
exposure patterns. The exposure amounts can be the same, 
and the present invention is not limited to this embodiment. 
[0103] As a result of performing fine-line exposure twice, 
the exposure amounts in the resulting exposure pattern of 
FIG. 16 range with four steps from 0 to 3 . The number of 
exposure steps of rough exposure effective enough for such 
a fine-line exposure is 5 or more. Then, the exposure 
threshold of the photosensitive substrate is set more than 
3 as the maximum exposure amount of fine-line exposure and 
less than 4 as the maximum exposure amount of rough 
exposure. FIG. 20 is a schematic diagram showing an 
electron projection exposure apparatus used for rough 
exposure in the embodiment. 

[0104] In the figure, reference numeral 241 designates an 
incoming electron beam, 242 is a mask, 243 is electron 
diffusion regions, 244 is an electron permeable substrate, 
241a is transmitted electron beams, 241b is diffused 
electron beams, 245 is a projection lens, 246 is an 
aperture mask, 247 is an aperture, 248 is a wafer, and 249 
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is a wafer stage. 

[0105] The incoming electrons 241 pass through the mask 242 
respectively. Among them, those passing through the 
electron diffusion regions 243 are diffused at a scattering 
angle, so that a distribution 241a of trajectories after 
passing through the mask spread more widely. 
[0106] The other electrons that just pass through the 
electron permeable substrate 244 are unlikely to be 
diffused, so that most of beams 241b after passing through 
the substrate mainly contain rectilinear components. The 
projection lens 245, the aperture mask 247, and the wafer 
248 are configured such that, when the electrons pass 
through the mask without interaction and go straight, all 
the electron beams within an effective image plane on the 
mask can be condensed on and pass through the aperture 248 
to reach the wafer. The positions at which the electrons 
that passed through the aperture and reach the wafer, that 
is, the image positions are in a one-to-one correspondence 
with the positions on the mask. 

[0107] Therefore, as mentioned above, when the mask on 
which a pattern is formed by the electron diffusion regions 
243 on the electron permeable substrate 244 is used, only 
the electron beams which, among the electron beams that 
passed through the mask, go almost straight without being 
diffused to pass through the aperture and reach 
corresponding image points on the wafer, thus exposing the 
resist coated on the wafer 248. In other words, since 
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electrons reach image positions corresponding to non- 
diffusion regions on the mask, whereas no electrons reach 
image positions corresponding to the diffusion regions, the 
resist coated on the wafer is exposed with the pattern on 
the mask. 

[0108] What is described above is the principle of electron 
projection exposure used in the embodiment. In the 
embodiment, four kinds of diffuse substances different in 
degree of diffusion in the electron diffusion regions are 
used to perform exposure having five halftone levels of 0, 
1, 2, 3, and 4, rather than with two image intensity values 
of 1 and 2 at image positions on the image surface. FIG. 21 
is a schematic view showing part of the mask used. In this 
case, since the degrees of scattering are different from 
region to region, the dose of electrons that can pass 
through the aperture shown in FIG. 20 varies stepwise, 
thereby forming a halftone image on the image surface. The 
size of the pattern in each diffusion region is set to 80 
nm, double the fine linewidth of the fine-line exposure. 
[0109] FIG. 17 shows the exposure amount of each exposure 
pattern formed as a result of rough exposure with five-step 
exposure amounts (0, 1, 2, 3, 4) . Portions with hatching in 
FIG. 17 represent locations corresponding to the exposure 
threshold or more. These portions provide final exposure 
patterns . 

[0110] Note that FIG. 17 shows the exposure amounts in 
terms of the resolution of rough exposure that is one-half 
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of that of fine-line exposure, and in units of blocks 
having a side length double that of the fine-line exposure. 
FIG. 18 shows an example of a pattern formed in a wider 
area by changing the exposure amount of rough exposure in 
the units of blocks. 

[0111] It is seen that the pattern having a resolution of 
fine-line exposure, including a wide variety of patterns 
other than the periodic pattern, can be exposed. In the 
embodiment, the rough exposure is performed in the "units of 
blocks with the linewidth double that of fine-line exposure, 
but the present invention is not limited to this. The rough 
exposure can be performed on any pattern within the range 
of resolutions of the rough exposure. Thus, exposure 
patterns can be obtained according to rough exposure in 
combination with fine-line exposure. 

[0112] Further, in the embodiment, the linewidth of fine- 
line exposure is the same in the two directions, but it may 
be changed randomly. The angle between the two directions 
can also be selected at random. 

[0113] Note that, according to the present invention, (a) 
as an illumination method for the illumination optical 
system, illuminating the mask pattern with light from KrF 
excimer laser, ArF excimer laser, or F2 excimer laser can 
be applied. 

[0114] (b) In the exposure apparatus, projecting the mask 
pattern can also be applied using a projection optical 
system, consisting of any one of a dioptric system, a 
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catadioptric system, and a catoptric system. 

[0115] (c) As the exposure apparatus, a step-and-repeat 
reduction projection exposure apparatus having the exposure 
method of the present invention as its exposure mode, a 
step-and-scan reduction projection exposure apparatus 
having the exposure method of the present invention as its 
exposure mode, or the like can be applied. 

[0116] The following describes an embodiment of a 
semiconductor device manufacturing method using the above- 
described exposure apparatus. 

[0117] FIG. 22 shows a flow of manufacturing semiconductor 
devices (semiconductor chips such as ICs or LSIs, liquid 
crystal panels, CCDs, etc.). 

[0118] In step 1 (circuit designing), a circuit of a 
semiconductor device is designed. In step 2 (mask making) , 
a mask is made based on the circuit pattern design. 

[0119] On the other hand, in step 3 (wafer manufacturing ), a 
wafer is manufactured from materials such as silicon. In 
step 4 (wafer process), which is called a pre-process, the 
mask and the wafer prepared as mentioned above are used to 
form actual circuits are formed on the wafer using 
lithography . 

[0120] In the next step 5 (assembling), which is called a 
post-process, the wafer processed in step 4 is formed into 
semiconductor chips. This step includes an assembling 

(dicing and bonding) process, a packaging process (chip 
sealing) process, etc. 
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[0121] In step 6 ( inspection) , operation checks, durability 
checks, and so on are done for the semiconductor devices 
manufactured in step 5. Thus, the semiconductor devices are 
completed via these processes, and they are shipped (step 
7) . 

[0122] FIG. 23 shows a detailed flow of the wafer process. 
In step 11 (oxidation) , the surface of the wafer is 
oxidized. In step 12 (CVD) , an isolating film is formed on 
the surface of the wafer. 

[0123] In step 13 (electrode formation) , electrodes are 
formed on the wafer by vapor deposition. In step 14 (ion 
implantation), ions are implanted into the wafer. In step 
15 (resist process), a photosensitive material is applied 
to the wafer. In step 16 (exposure), the circuit pattern of 
the mask is printed by exposure using the exposure 
apparatus described above. 

[0124] In step 17 (development), the exposed wafer is 
developed. In step 18 (etching) , portions other than the 
developed resist are removed. In step 19 (resist stripping) , 
the resist material unnecessary after the etching process 
is removed. By repeating these processes, circuit patterns 
are formed one upon another on the wafer in a superimposed 
manner . 

[0125] The use of the manufacturing method of the 
embodiment makes it easy to manufacture highly integrated 
semiconductor devices that are difficult to manufacture by 
the conventional techniques. 
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[0126] It should be noted that the present invention is not 
limited to the aforementioned embodiments and various 
changes can be made without departing from the scope of the 
invention, such as the flow of sequence. 
[0127] 

[Effect of the Invention] As described above, the use of 
the exposure method for performing multiple exposures of 
fine-line exposure and rough exposure using different 
exposure apparatuses of the present invention, and the use 
of these exposure apparatuses can realize various exposure 
patterns of 80 nm or less without greatly reducing 
throughput . 

[Brief Description of the Drawings] 

[FIG. 1] It is a flowchart showing the principle of an 
exposure apparatus according to the present invention. 
[FIG. 2] It contains schematic views showing an exposure 
pattern formed by fine-line exposure. 
[FIG. 3] It contains graphs showing the exposure 
sensitivity characteristics of resists. 

[FIG. 4] It is a schematic view showing pattern formation 
during development . 

[FIG. 5] It is a schematic view showing an exposure pattern 
formed by fine-line exposure. 

[FIG. 6] It is a schematic view showing a pattern formed 
according to the present invention. 

[FIG. 7] It contains schematic views showing an example of 
a pattern formed according to a first embodiment of the 
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present invention . 

[FIG. 8] It contains schematic views showing another 
example of a pattern formed according to the first 
embodiment of the present invention. 

[FIG. 9] It contains schematic views showing still another 
example of a pattern formed according to the first 
embodiment of the present invention. 

[FIG. 10] It is a block diagram showing the main part of 
the exposure apparatus of the present invention. 
[FIG. 11] It is a schematic view showing an example of an 
F2-laser projection exposure apparatus. 

[FIG. 12] It is a schematic view showing a state in which 
two-beam interference exposure is performed to expose a 
fine-line pattern in the F2 laser projection exposure 
apparatus . 

[FIG. 13] It is a schematic view showing an example of an 
X-ray exposure apparatus. 

[FIG. 14] It is a schematic view showing a circuit pattern 
used in a second embodiment of the present invention. 
[FIG. 15] It contains schematic views for explaining the 
second embodiment of the present invention. 

[FIG. 16] It is a schematic view for explaining a fine-line 
exposure pattern according to a third embodiment of the 
present invention . 

[FIG. 17] It is a schematic view showing patterns formed in 
a two-dimensional blocks. 

[FIG. 18] It is a schematic view showing an example of a 
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pattern that can be formed in the third embodiment of the 
present invention . 

[FIG. 19] It is a schematic view showing an example of a 
multi-electron-beam exposure apparatus . 

[FIG. 20] It is a schematic view showing an example of an 
electron projection exposure apparatus. 

[FIG. 21] It is schematic view showing an example of a 
halftone mask. 

[FIG. 22] It is a flowchart of a device manufacturing 
method of the present invention. 

[FIG. 23] It is a flowchart of a device manufacturing 
method of the present invention. 

[FIG. 24] It is a schematic view showing a conventional 
projection exposure apparatus. 
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232 REDUCTION ELECTRON OPTICAL SYSTEM 
2 33 WAFER 

242 MASK 

24 8 WAFER 

251 EXCIMER-LASER LIGHT SOURCE 

252 ILLUMINATION OPTICAL SYSTEM 

253 ILLUMINATION LIGHT 
2 54 MASK 

255 OBJECT-SIDE EXPOSURE LIGHT 

256 PROJECTION OPTICAL SYSTEM 

257 IMAGE-SIDE EXPOSURE LIGHT 

258 PHOTOSENSITIVE SUBSTRATE 

259 SUBSTRATE STAGE 



- 35 - 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 



J^KLINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




OLOR OR BLACK AND WHITE PHOTOGRAPHS 



□ GRAY SCALE DOCUMENTS 




